RESUMEN
RESUMO

Este articulo trata sobre o método Delphi, suas origines e características. O principal aspecto a estudar é o fornecedor de informação para identificar o número adequado de expertos na eleição de temas, tecnologias ou variáveis nas aplicações do método. Para isto, foram avaliados Um estudo Delphi no período 2012-2015 em aspectos e tecnologias prioritárias relacionadas com embalagens biodegradáveis ao ano 2032, A partir dos resultados obtidos, foi avaliada a incidência do número de expertos com 9, 15, 22 e 24 expertos. Os resultados mostram a existência de um núcleo comum de tecnologias que foram prioritárias desde a analises com 9 a 24 expertos com relação ao coeficiente de competência experta "K" os resultados com os 16 expertos com coeficiente "K" maior ou igual a 0.8, em quatro dos cinco grupos lograram percentagens de acordo altos com relação ao grupo medular de temas prioritários.
INTRODUCTION
This article is part of a PhD thesis related to the modified Delphi method as a driving force for innovation strategy in the framework of an innovation management model in productive sector organizations.
The main purpose is to provide evidence to establish an appropriate number of experts for application of the Delphi method. To this end, one Delphi study evaluated in the period 2012 -2015 on priority issues and technologies in biodegradable packaging in the year 2032, the project is part of a component in a larger study on biodegradable packaging and was supported by the National Planning Department of Colombia, the general system of royalties, governor of Cauca and the University of Cauca.
Specifically what is sought is to provide inputs for decision making with the appropriate number of experts and if a small number of experts is enough to make a Delphi study. Additionally, this article presents an application of expert competence coefficient "k", its interpretation and the group's relationship with a higher coefficient "k" with the issues presented as results from the study with the total number of experts.
The article is divided into a variety of sections: Introduction, theoretical framework on the Delphi method, the modified Delphi and competence coefficient "k" expert, as well as the methodology, results, discussion and conclusions.
Theoretical frame
The Delphi method had its beginnings between 1940 and 1960 [1] , according to [2] its origin is attributed to the RAND -Research and Development Corporation, in the late 40s, Santa Monica -United States. The method originated with a study of the Cold War American industrialists to identify potential targets and their vulnerability to Soviet ammunition [3] , according to [4] the Delphi is a method that has been used in national technology foresight exercises, and began by being used by Japan in their five-year foresight.
The original method, instead of using the traditional approach to reaching consensus through open discussion, completely eliminates the activity of a committee, which reduces the influence of certain psychological factors such as persuasion, the unwillingness to abandon publicly expressed opinions and the contagion effect of the majority of opinion.
This technique replaces direct debate by a carefully designed program of sequential individual interrogations through interspersed information and feedback derived by consensus, calculated from previous rounds of questionnaires.
Comparison between applications of the Delphi Method
International applications have been made from the Delphi method in various sectors; presented below in Table 1 , is the analysis of applications made by 14 authors of scientific publications:
Also, there have been other studies related, for example, opinions Delphi experts facing the assessment of factors related to supply chain companies in Taiwan [17] , application in the framework a foresight project in the textile industry in Poland [18] , Characteristics and functions for place brands [19] , analysis of forest fires causes and their motivations in northern Algeria [20] a patient centered early warning system to prevent readmission after colorectal surgery [21] and identification the baseline food safety training practices for retail delis using the Delphi expert consensus method [22] .
Other applications of the Delphi method can be found in innovation public policies. Such is the case of the OCDE studies regarding the "technology push" stimulus, meaning supply through R+D public investment and incentives to companies that are considered innovative [23] . Other studies can be found about a new focus of innovation management, approaching it from a more articulated manner that involves a variety of mechanisms for diffusion and ownership of knowledge in function to the impact on the rate, the course of innovation and the technical change [24] In the same line lies the study of [25] on demand based policies, where the result of these is affirmed, bowed to the context and an emphasis is made towards well-articulated objectives.
Various studies have been made in Colombia, the most recent ones are qualitative work related foresight studies in the construction sector, whose objective was to identify the future necessities of the human resources that will arise from the impact of technological and organizational tendencies. These tendencies will diffuse in the construction sector in Colombia in the next 5 to 10 years [26] . The research methodology proposed by a guide of clinical prevention, diagnostic and treatment of acute diarrhea in children under 5 years old is a critical analysis of evidence, related to the opinion of a group of experts [27] . The study proposed a guide for the performance of panels of experts on transferable risk assessment in projects linked to the public and private sectors [28] .
In the table 1, it can be seen that there is no consensus on the number of experts who answer the Delphi rounds; some authors performed their studies with high values, such as: 30, 32, 37, 39, 57, 65, 67, 68 and 123 experts, while other authors have suitable experts as figures such as: 7, 9, 10, [29] .
Expert competence coefficient "K"
The calculation of the "expert competence coefficient " is made from the opinion rendered by an expert on a high level of knowledge about a research problem, as well as the sources that allow arguments on the established criteria [30] .
The coefficient is obtained by applying the following formula: K = ½ (Kc + Ka), where: Kc = is the "coefficient of knowledge" or information that the expert on the subject or problem posed. It is calculated from the assessment made by the expert himself on a scale of 0 to 10, multiplied by 0,1. Ka = this is called the "coefficient of argument" or foundation of expert opinion. It is obtained from assigning scores to a number of different sources of argument that could wield the expert. In Table 2 , the scores are usually used for assessing the sources of arguments [30] .
With the final values obtained experts are classified into three groups, if K is greater than 0,8, greater than or less than or equal to 1: then there is high influence from all sources, if K is greater than or equal to 0,7, or greater than or equal to 0,8: then there is no influence average from all sources, now, if K is greater than or equal to 0,5, or greater than or equal to 0,7 then there is little influence from all sources [19] .
According to guidelines [19] experts with values less than 0,8 are not included in the study and therefore are rejected.
METHOD Phase I
Were reviewed scientific articles based on scientific data, theses and specific bases in leading universities in the Delphi method. Also, patent databases and technical documents related to the method and the problem were identified to be treated in this case related to the number of experts who answer a round Delphi.
This aspect is important since several studies conducted in recent years have had the problem of achieving a large number of experts, and even the invitations are a number of approximately 100 experts, only a small percentage of these rounds were answered [32, 33, 34] .
Quantities of experts were used in the cases presented in the papers established and some of the figures related to the lowest values were selected, in this case: 9, 15, 22 and the final number of experts. The quantity of 7 experts was not elected for analysis because this multiple number of values of the same mode theme, such as technology or variable is presented.
Phase II
One Delphi study in the period 2012-2015 was evaluated on issues, technologies and priorities variables in biodegradable packaging in 2032.
As for the choice of topics, technologies and priority, criteria variables were held constant, which consists in calculating mode, modal frequency and percentage of consensus on these data. The average percentage of agreement was determined for each group, based on this information, the following criteria was established:
Theme, technology or priority variable, consensus group above average and mode of 4 or 5, the scale was 0-5 where the order of priority was: 
Phase III
Percentages of common topics or technologies in each of the courts, in order to show whether the issues or technologies effectively remained constant or changed when the number of experts that were established was higher.
Phase IV
Expert coefficient competence "K" was calculated, which is considered a measure of the level of competence in a component panel of experts, and in this sense, can be useful to obtain the coefficient of competence proposed [31] .
The methodology for calculating the coefficient comprises on calculating two coefficients: ka and kc, where kc is the "coefficient of knowledge" or owned expert information about the problem or issue raised; and a self-assessment on a scale of graphic seal (0-10) and multiplied by 0,1. [31] In Table 2 , the form of rating sources to obtain the "Argument coefficient" (Ka) required is presented for finding the expert competence coefficient "k"
Issues and technologies that had been shown as a final result of the Delphi study, the total number of experts, topics and technologies that had been a priority for the group coefficient "k" were finally compared. Greater than 0.8 is considered high and for the group of coefficient "k" low is less than 0.8.
RESULTS
Delphi Biodegradable Packaging.
A structured and anonymous survey was done to experts in Colombia and other countries such as France, Spain, Mexico, Italy and Argentina, on technological innovations, raw materials for the production of biodegradable polymer materials, raw materials for the production of biodegradable packaging, and additives to the year 2032 via a digital questionnaire of 198 items classified in 5 group of technologies. The survey was answered by experts; these results are shown in Table 3 .
In the group "TECHNOLOGICAL INNOVATIONS", we can see that there is a common core of 5 topics that recur in the 4 groups of responses. In the group "RAW MATERIALS FOR THE PRODUCTION OF BIODEGRA-DABLE POLYMERS ", we can see that there is a core of 6 common topics that recur in the 4 groups of responses. In the group "RAW MATERIALS TO OBTAIN BIODEGRADABLE PACKAGING", we can see that there is a common core of 7 topics that recur in the 4 groups of responses. In the consolidator "ADDITIVES", we can see that there is a common core of one recurring theme in the 4 groups of responses. Finally, in the group "TECHNOLOGY", we can see that there is a common core of six topics that recur in 4 groups of responses.
Expert competence coefficient "k"
The following Table shows the calculation of the coefficient "k" to the experts of the Delphi study of biodegradable packaging. The presented information was obtained from the information requested from the nominees, about their self-worth in terms of degree of knowledge on the subject and level of argumentation.
According to the calculation of the coefficient "k", 16 experts obtained a higher value of 0,8. With this information we proceeded to analyze the results obtained by this new group of experts.
In the group of Technological Innovations, with 9 answers, a common core of 5 topics plus 8 different topics in relation to 22 experts was obtained. Along with 15 responses, he obtained a common core of 5 topics plus 4 different topics in relation to 22 experts, In this case, the results were acquired with less variation of the 15 experts.
In the group of Raw Materials for the Production of Biodegradable Polymers, with 9 answers, a common core of 6 topics plus 2 different topics related to 22 experts. Along with 15 responses, a common core of 6 topics was obtained plus 1 topic varying differently to 22 experts, again with less variation of 15 experts was obtained. In the group of Raw Materials for the Production of Biodegradable Packaging, with 9 answers, a common core of 8 topics plus 4 different topics in relation to 22 experts. Along with 15 responses, a common core of 8 topics plus 0 subjects was achieved relative to 22 various experts. This time the same end results were acquired with 15 experts, that is, there was no variation between the final answers reported by the 22 experts compared to 15 experts.
In the group of additives, with 9 answers, a common core of 1 topic plus 3 different topics were achieved in relation to 22 experts. When 15 responses were obtained, a common core of 1 item plus 1 different topic was acquired in comparison to the 22 experts. Again the least variation was presented with the 15 experts.
In the group of technologies, with 9 answers, a common core of 6 topics plus 1 different theme was achieved in comparison to 22 exper ts. Along with 15 responses, a common core of 6 topics plus 1 different theme was obtained compared to 22 exper ts. In this par ticular case, the same results with exper ts 9 and 15 compared with the final results repor ted.
According to the analysis in the Delphi study, it can be observed that the value of experts with less variation are 15 experts to study biodegradable packaging. In the latter, the number of 15 experts scored second in terms of less variation in the results, this is consistent with the comments made by several authors. For example [14] , applied the Delphi method for the selection of appropriate experts and detailed principles for decision-making during the process to ensure the validity of a Delphi study. They mention an example in e-commerce in Sub-Saharan Africa that used 10 to 18 experts for each panel, and there were 4 panels in total.
On the other hand [35] , presented their results with only 14 and 12 experts in order to reach consensus among a panel of experts. The results were used to establish the best clinical criteria for the diagnosis of carpal tunnel syndrome.
[8], in the study of prognostic variables of financial market in a controlled experiment used only 10 experts. In this same study cited back to [29] , it mentions that ten people are enough and that there is not evidence to suggest increasing the size beyond 7 to 10 people improves accuracy.
Results obtained with expert competence coefficient "k"
The results about the appropriate number of experts were completed by the calculation of the coefficient "k" for the study of biodegradable packaging. The results achieved with the 16 experts presented that when coefficient "k" is greater than 0,8 there is a higher percentage of agreement with the final results. With the results given by the experts, it is presented that when coefficient "k" is lower there is a higher variation when compared to the final results. Furthermore, these "less expert" have risen to the level of "priority" topics than that of the final results that arrived at the level of "discussion" topics. If this study had been conducted with 16 experts with a higher "k", the "most experts" would have obtained virtually the same results as with the final 22 experts.
The results of percentage of matches are shown in Table 5 .
Experts with a lower coefficient "k" in the grouping "Technological innovation" presented that the priority topics are those that the total number of experts had determined as "discussion". That means, when compared to the final results there is an increase of 63,63 in the priority topics, compared to only 9,09% of experts who reported changes with a higher coefficient "k". In the grouping "premiums for the Production of Biodegradable Polymer materials", experts with a lower coefficient "k" presented an increase of 100% in the priority topics, as compared to 22% who reported changes in a higher coefficient "k". Within the grouping "Raw Materials for the Production of Biodegradable Packaging", experts with a lower coefficient "k" saw an increase of 80% in the priority topics, as compared to 40% who reported changes in the experts with a higher coefficient "k". In the grouping "Additives", experts with a lower coefficient "k" saw an increase by 120% in the priority topics, versus 0% of experts who reported changes in a higher coefficient "k". In the grouping "Technologies", experts with a lower coefficient "k" presented a 46,67% increase in the priority topics, as compared to 0% of the reported changes experts with a higher coefficient "k".
CONCLUSIONS
According to the results of the study, it can be observed that regardless of the number of experts, a common core of subjects is presented. In this perspective, although the study had been done with a small number of experts, it could have had medullary winning topics.
Uncertainty about the appropriate number of experts and the desirability of increasing the number may have been reduced because there is not enough evidence that increasing the number of experts would obtain different results to those obtained with 15 experts.
As for the expert competence coefficient "k" in the Delphi study on biodegradable packaging, the results obtained with the 16 experts with a coefficient "k" greater than or equal to 0,8, in four of the five highest percentages of agreement groups were achieved with the common core of priority topics, while experts with a coefficient less than 0,8 in the five aggregators "k" showed percentages of high variation given the same common core subjects. This means that "less expert" highlighted other issues that were not priorities for the group of experts and the common core. According to this study, it is better to work with a small number of experts with a high coefficient "k".
The main limitations of the work carried out in this article has to do with the need to perform the analysis with a larger number of experts, and verify whether other applications of the method in a common core of subjects that do not change when the increase occurs in the number of experts; also, if this common set of issues is the same as mentioned by the group of experts with highest coefficient k.
